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During the last few years, a number of the  pollard beech trees a t  
Burnham Beeches have suffered from a disease which has apparently 
caused the death of several specimens, and is seriously affecting some 
others. At various 
points on the surface of the bark a brown liquid exudes which rapidly 
concentrates to a dark viscous gum', collect,ing in gouts near the point 
of exit and, if in quantity, trickling down to lower levels. The material 
is partially soluble in water, with the result that  in wet weather it is 
washed down and may be thus distributed over a considerable area 
of the lower part of the trunk. The effect is very unsightly and the 
trees attacked are readily detected (Fig. 1). Frequently the gum 
provides a medium for t,he growth of various saprophytes, yeast, bacteria, 
moulds, &., and t,hen becomes of a creamy consistency and buff or 
pinkish in colour. 

The bark from which the gum 
proceeds is already dead, and since the affected areas are often rapidly 
extended, the life of the tree may be seriously threatened. 

These pollards are probably some of the oldest beeches in existence. 
Their life has been prolonged far beyond what is generally regarded as  
the normal limit of the species by the systematic pollarding, which- 
as was usual in ancient forestry-was done a t  such a height as to pro- 
tect the young shoots from browsing animals. The cessation of cutting, 
however, permitted the growth of a few o€ the more favoured shoots 
and the trees now bear severiil fine limbs rising from the crown. 

The symptoms of the disease are very marked. 

The effect on the tree is very serious. 

This substance has been referred to throughout a8 gum, though its exact nature has 
pot yet been determined. 
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It is obvious that pollards are particularly exposed to the attack 
of parasites which can obtain an entrance and destroy the heart wood, 
and these old beeches are in most cases nothing but hollow shells. 
The outer wall of wood and bark has also suffered frequently from 
accidental injury and disease, and is now a patchwork of dead and living 
tissue. In  fact it is astonishing to  observe in some instances, how 
restricted is the tract of living, conducting tissue, which connects a 
well-developed limb above with the root system below. It must 
operate as a limiting factor in the relations between the root system 
and the leafy canopy dependent upon it above; and it is a fact that 
the trees are extremely sensitive to anything which tends to disturb 
these relations, e.g., dry seasons, clearing and felling in the immediate 
neighbourhood. For the same reason they demand constant attention 
in the matter of pruning, mulching, etc. It is obvious that any attack 
on these vital tracts must rapidly prove fatal. and they are particularly 
exposed to the ravages of facultative parasites which have established 
themselves on the neighbouring areas of dead tissues, Moreover 
diseases affecting the bark are much more rapidly fatal than those 
attacking the wood, since the death of the inner bark and with it the 
cambium, deprives the tree not only of the means for conveying its 
elaborated food materials, but of its capacity for forming new tissues. 
A number of fungi are found constantly growing on the pollards, and 
amongst others Fornes fomentarius, Stereum hirsututn, 8. purpureum, 
Armillaria mucida, etc. 

The Ranger, Mr M. C. Duchesne, observed that fruit bodies of 
Bulgaria polymorphn, Wett., were often abundant on trees exhibiting 
the gumming. The evidence of association however between the 
fungus and the disease was not a t  all convincing. 

At the time our attention was first called to  the disease the fruit 
bodies of the fungus were scarce. Trees showing the gumming often 
exhibited no trace of Bulgaria, whilst on the other hand felled logs, 
with the bark covered with the scars and remains of old fruit bodies, 
usually showed no evidence of gumming. It was possible moreover 
that the disease might have no connection with a parasite, but have 
resulted from some functional disturbance. Our attention was therefore 
directed not only towards the examination of the diseased bark for 
evidence of the presence of any living organisms which might be con- 
cerned with the disease, but also to  determining whether the disease 
could be transmitted to healthy trees. 
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ASSOCIATION OF BULGARIA WITH THE DISEASE. 

A number of specimens, consisting of portions of wood and bark 
from diseased trees were forwarded for examination. They all showed 
a covering of gum on the surface of the bark which in most cases was 
dead. Examination of the bark yielded no results of any value. In one 
specimen only, a yellow mycelium was found between the bark and the 
wood. This was probably the mycelium of Bulgaria, but attempts to 
cultivate i t  failed. Subsequent examination of the trees from which the 
specimens were cut, suggested that in some instances the gum on them 
had trickled down from a diseased area higher up the trunk. Two 
specimens were placed in a damp chamber and kept under observation 
for about 18 months. No exudation of gum occurred from these speci- 
mens. A few saprophytic moulds appeared a t  first on the gum and later 
Stereu,m hirsutum in abundance on both specimens. In the spring of 
1916 the examination of the infected trees was resumed and was con- 
fined to  the careful investigation of one badly diseased tree in Victoria 
Avenue, Burnham Beeches. One of the two main branches of this 
tree had died and had been removed in the winter of 1914-15. The 
log showed abundance of Bulgaria fructifications during 1915. The 
remaining branch of this tree is still living and ap,parently healthy, 
but a considerable area of the bark a t  the base is dead and although 
no gumming has taken place in this region, yet infection experiments 
(described below) show that the same disease is in question. It was 
from the bme of the main trunk that the specimen, referred to  above 
as showing yellow mycelium, had been obtained. Fresh portions of 
bark from this region, which was gumming freely, were brought into the 
laboratory and on one of them a yellow mycelium appeared. This 
was transferred to an artificial medium and has been kept in continuous 
cultivation. Of the various media tried, prune agar proved to  be the 
most satisfactory. Four weeks after the material had been collected 
a fructification of Bulgaria appeared on the bark and could be clearly 
traced in connection with the yellow mycelium. 

Ascospores were collected on sterile cover glasses suspended over 
the apothecium, and were transferred to various media. They ger- 
minated readily and gave rise to a mycelium identical with that obtained 
from the diseased bark. Other specimens of bark brought in later 
also developed fruit bodies of the fungus, and portions of bark taken 
from other diseased trees in every case yielded the yellow hyphae. 
Pure cultures of the mycelium have been under observation for many 
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months both on nutrient jelly and on sterilised bark and wood. The 
characteristic apothecia of Bulgaria have appeared in a number of the 
cultures, and thus complete confirmation has been obtained as to  the 
identity of the mycelinm present in the diseased bark. 

INFECTION EXPERIMENTS. 
The first infection experiments were started in the autumn of 1915, 

before the mycelium had been found in the bark, and were directed 
towards determining whether the disease could be transmitted from 
affected to healthy trees. For this purpose, portions of bark were re- 
moved from the affected area a t  the base of the living branch of the 
pollard in Victoria Avenue. The bark was cut out, with suitable pre- 
cautions, with a circular punch and transferred to holes cut with the 
same punch in the living bark of a healthy pollard. They were secured 
with grafting wax. Of the grafts made in this way, one shrivelled 
and cracked and fell out, and another gave no visible result, but the third 
examined on May 7th, 1916, showed a trickle of gum frorn the lower 
edge of the graft forcing its way through the grafting wax (Fig. 2 ) .  
This exudation continued during the whole of the year. Examination 
of the bark around the graft showed that the gum was proceeding 
from the stock, and thus established the fact that  the disease was com- 
municable and certainly of parasitic nature. The difference in the 
behaviour of these three grafts is very probably due to the fact, that the 
two which failed were cut from well witliin the dead region of the bark, 
the other from the niargiii of the diseased area where the fungus was 
presumably in active growth. It may be pointed out moreover, that  
the absence of gumming from these unsuccessful infections resolves 
any doubts as to the exudation of gum being merely a traumatic 
response. 

When later, the yellow myceliuni described above had been isolated 
and identified, a second series of infection experiments were initiated. 
The same pollard on which the first experiments were made was now 
infected in two places on July 11th with actively growing mycelium, 
in one case from that obtained by germinating spores of Bulgaria. 

The surface of the bark was cleaned and a deep cut, extending to  
the cambium, made with a sterilised chisel. The bark was gently 
levered up and a portion of agar, with the actively growing marginal 
hyphae from a plate culture, was inserted and pushed down into contact 
with the wood. The bark was then pressed back into position and the 
wound covered with grafting wax. At the ~ a m e  time two young trees 
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were similarly infected. Three weeks later, July 31st, one of the in- 
fections on the pollard showed signs of gumming, and by the end of 
August they were both gumming freely (Fig. 3). Mycelium of Bv1- 
garia has been isolated from the bark, though up to the present no 
ascophores have appeared on the tree. 

On the other hand, the infections on the young trees have yielded 
no visible result. These same young trees were again infected with 
active mycelium on Sept. Z t h ,  but without success, and they are now 
apparently quite free from disease. 

The power of resistance to the attack of the fungus possessed by 
the young bark on the living trees is iurther exemplified by the results 
of experiments in the laboratory. On July 20th a series of cultures 
in potato dishes were established on portions of wood and bark about 
4” x 3‘‘ taken from a young healthy branch, severed for the purpose. 
One half of these specimens were sterilised in the autoclave before 
infecting, the remainder were infected straight away with actively 
growing mycelium a t  the junction of bark and wood. The infections 
were uniformly successful on those specimens which had been killed 
and sterilised, but failed to establish theniselves on the living bark, 
although in several instances a second infection was attempted. The 
results of these experiments were so significant that  they were repeated 
on Oct. 6th. Five specimens of living bark and wood 4” x 3” being 
infected with niycelium together with five similar specimens killed in 
the autoclave. Pour days later the fungus was spreading rapidly 
on the dead bark but had apparently made no progress on the living 
specimens, the latter were then reinfected, but without result. 

In no instance was it possible to establish Bulguria on the untreated 
bark, although in one or two cases i t  maintained itself for a short 
time on the dead tissue a t  the point of infection. It is obvious that 
the living tissues of these specimens cannot long retain their vitality, 
and i t  would no doubt be possible to get Bulgaria to grow successfully 
after a short time, if i t  were not for various saprophytic moulds, and 
particularly a dense white mycelium, possibly of one of the Polyporaceae, 
which appeared on all the specimens and against which Bulgaria could 
make no headway. The results obtained from the foregoing experi- 
ments and those on the living trees indicate that whilst the fungus 
can establish itself readily on dead bark and on the bark of old trees, 
it fails completely when the bark is young and actively living. 

When the fact is borne in mind that infections on young, healthy 
trees failed completely, though made with actively growing mycelium 
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of the fungus, it may be concluded that there is little danger of the 
fungus establishing itself by chance infection of spores on young, vigoi- 
ous maiden trees. The success of the inoculations 011 the pollard can 
probably be ascribed to the impaired vitality of these trees, and the 
consequent lowering of the power of the living tissues to resist attack. 
The fungus established on a dead area of bark can thus invade the 
neighbouring living tissues, it develops rapidly in the inner bark and 
attacks the cambium and the superficial layers of die wood. It may 
be as well to eniphasise the fact that on these beeches a t  any rate 
Bulyurirc does very little injury to the wood, but is responsible for the 
death and destruction of the bark. 

DISSEMINATION OF THE DISEASE. 
The familiar black apothecia of the fungus appear in early autumn 

(Pig. 5). They eject their spores in such abundance that the surround- 
ing bark is covered by a black sooty deposit. The investigations of 
Tulasrie (1) and Urefcld ( 2 )  have shown that the spores germinate readily, 
giving rise to secondary conidia or to niycelia directly according to the 
conditions of germination. The ascospores thus serve as a ready 
means for the dissemination of the fungus but by no means the only one. 
If they establish the mycelium on an  exposed wound it is able in the 
enfeebled trees to extend itself to the living tissues. The principal 
development of the fungus takes place in the spring and early summer, 
as is evidenced by the active gumming that goes on a t  that  time. 
When the bark has been completely permeated by the fungus the 
latter collects between the outer bark and the thin covering layer of 
cork, and forms shallow strornata on which are later formed the apo- 
thecia. Before these appear however, other fructifications are developed 
on the stroma in the form of numerous pycnidia. These are'borne 
in irregular fructifications which form close beneath the lenticels and 
usually split the cork a t  those points. These prominences show in 
surface view the numerous irregular openings of the pycnidia, from 
which emerge rounded masses, or fine tendrils of black paste, which 
make their appearance on the surface of the bark, hardening on exposure 
to the air but readily dispersing when moistened with water (Figs. 4 
and 5 ) .  

This paste consists entirely of the pycnoconidia (stylospores) 
described by Tulasne(1). They bear, both in size and form, astrong 
resemblance to the ascospores and behave in a precisely similar way on 
germination. In all the material examined a t  the right season these 
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pycnidial fructifications were abundant. Their regular occurrence and 
relative importance appear to have b e k  generally overlooked by later 
writers although Tulasne refers to them as occurring not infrequently. 
Fuckel(3) described them and identified them erroneously with Tre- 
mella foliacea, Pers. (Ulocolla, Brefeld), with which they have no con- 
nection. Fuckel had apparently never found them in conjunction with 
the apothecia and says “Die Combination beider mag immerhin als 
gewagt erscheinen.; die entfernte Aehnlichkeit aber der Conidien mit 
den Schlauchsporen und die Analogie mit C‘oryne-Arten, verliehen 
derselben doch grosse Wahrscheinlichkeit.” 

The pycnoconidia are produced during the summer months, the 
apothecia in the early autumn and they can frequently be found together 
on the same stroma (Fig. 5 ) .  Biffen(6) observed the formation of the 
pycnidia in his cultures of Bulgaria on oak wood and they have appeared 
in all our cultures both on. the bark and on plum agar. 

OTHER RECORDS OF PARASITISM OF RULGARIA. 

The suggestion that  Bulgaria should be classed as a facultative 
parasite was first put forward by Ludwigc4) who described in 1887 a 
fatal attack on a fine specimen of Quercus rubra. A similar instance 
is recorded by Hennings(5) on the same species of Quercus, and this 
author is inclined to  regard the fungus as a dangerous parasite. 

Biffen(6), who studied the effect of the hyphae on oak wood, found 
that the action was too slight to warrant the supposition that the 
fungus is capable of causing a really serious tree-disease such as Ludwig(4) 
assumed. A reference to  the latter’s account however, shows that he 
Attributes the death of the oak to  the destruction of the bark by 
Bulgaria, and not to its effect on the wood. The results of the present 
investigation clearly indicate that in the beech also, the fungus is 
primarily a bark-parasite. 

So far as the authors are aware, no account has hitherto been published 
of an attack on the beech, apart from a statement by Massee(7) that 
he has seen it on living beech, and no infection experiments have been 
recorded. It is noteworthy that a t  Burnham Beeches the pollard oaks 
have so far been quite free from attack. 

The investigation has been confined to  the pollard trees a t  Burnham 
Beeches, but the Ranger, who has examined beech plantations in various 
parts of the country, has found the disease on mature maiden trees in 
aeveral areas in Buckinghamshire, a t  Tring in Hertfordshire, Walton- 
On-HiU in Surrey, and in the Goring district of Oxfordshire. It is 
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Fig. I Diseased pollard beech showing gumming. 

Fig. 2. Graft made in September 1915. Fig. 3. Ihrk of pollard infected with 
Photographed in July 1916 to show living mycelium, July 1916. Photo- 
the gum exuding from the lower edge graphed right weeks later when 
of the graft a t  A .  x i .  actively gumming. x %. 

R 

Fig. 4. Masses of pycnospores exuded through Stroma exposed by the removal of the 
cracks in the bark from the pycnidia on the superficial cork showing masses of pycnospores 
stroma beneath. x 9. at. A ,  young apothecium B, and mature 

apothecium with hymenium exposed C.  xg. 

Fig. 5. 
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obvious therefore, that  the peculiar circumstance of the pollard trees 
is not alone responsible for their susceptibility, and it must be con- 
cluded that Bulgaria may prove a dangerous parasite to old beeches. 
more especially when from various causes their vitality may hecome 
impaired. 

up to the present the actual source and nature of the “ gum” has 
not been determined. Preventive and remedial measures are under 
consideration. 

SUMMARY. 

A gumming disease of pollard beeches is described which is associated 

A mycelium isolated from the diseased bark has been cultivated 

A pollard has been infected with the disease by grafting in a piece 

Itepeated infections of young, vigorous trees with the rnyceliuiii 

It is concluded that B d p r i ~  is a dangerous facultative parasite on 

with the presence of Bulgaria polymorpha, Wett. on the trees. 

and has produced tlie fructifications of Bulgaria. 

of diseased bark, and also by introducing the mycelium of BulgarLa. 

failed to  produce the disease. 

old beeches, but that  young healthy trees are able to resist infection. 

We take this opportunity to  record our thanks to  M. C. Duchesne, 
Esq., the Ranger of Buriihatn Beeches, for the facilities he has readily 
afforded us and for the iriforniatiori he has placed at our disposal. 
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